The phase angle between adjacent blades is given as For the problem in which all blades oscillate with a motion of the form ei(W t+sar), the forces (cland cm) on the 0 th blade can be represented as Qo eiw t ;Qo is complex valued to allow the force to lead or lag the motion. The forces on the 0 th blade in the k th elemental problem can be represented as Qo, k eiwt; Q0,k is sometimes referred to as an influence coefficient. Thus, using superposition, the following relation can be obtained.
Now, due to the periodicity of the cascade, only the relative positions of the oscillating blade and the reference (zeroth) blade are important. That is, the forces generated on the 0 th blade due to the oscillation of the k th blade are equal to the forces on the I st blade due to the oscillation of the k+l th blade, and so on. Thus,
where the periodicity of the cascade of N blades has been invoked again in the last step. Thus, the solution to the problem in terms of the influence coefficients can be written as: Thus, the shape of the pulse is not of particular importance although care must be taken to ensure that the transform of the pulse motion does not become zero in the frequency range of interest. In addition, the duration of the pulse must be selected according to the range of frequencies of interest. Thus, the harmonic time period of interest must be smaller than the duration of the pulse for the results to be meaningful.
This places a lower limit on the values of frequency for which calculations can be made using a pulse of given duration. The upper limit on the frequency is determined by the size of the time step; the upper limit is generally not relevant because the time step is normally quite small for reasons of numerical stability and accuracy.
In the present calculations, the pulse function is selected as:
where tmax is the duration of the pulse. The above choice makes f(t) and t'(t)
vanish at t=O and t=tmax; in addition, higher derivatives also go to zero at t=tmax.
This ensures that there is a smooth transition to and from the undisturbed blade position.
The
Pulse Response method is used in conjunction with the Influence Coefficient method as follows. One blade in the cascade is given a transient
motion of the form h(t)-ho f(t) or a(t)-ao f(t).
The calculations start with the steady solution and unsteady response to the pulse in either motion, plunging or pitching, is calculated until the transient flowfield reaches the steady flowfield within a specified tolerance. The motion as well as the responses on all the blades are recorded and Fourier transforms of these are calculated numerically for the frequency of interest. Using these transforms, the influence coefficients (Qk,0) are calculated from Equations (14) ; it is to be noted that the harmonic response, iwF-_(w), obtained from Equation (14) Figure 11 shows the moment coefficient (real and imaginary parts) at the different values of interblade phase angle that may arise at flutter (Equation (5) It can be seen from Figure 11 that a uniform refinement of the grid spacing by a factor of 3 results only in small changes in the value of the moment coefficient. Figure 15 shows that the flutter reduced velocity decreases with increasing Mach number for both the flat plate airfoil and the SR5 airfoil;the variation is seen to be almost linear. Figure 16 shows that the flutter frequency ratio also decreases with increasing Mach number.
It is noted that there is only a marginal difference between the results for the flat plate and the SR5 airfoil. However, it may be recalled that the SR5 airfoilhas a small camber angle, a small thickness-to-chord ratio of 0.03 and the cascade gap-to-chord ratio is large (g/c=1.85). Therefore, it may be concluded that there is not much steady flow deflection for this case and consequently the flutter results do not show much difference between the flat plate airfoiland the SR5 airfoil. ..... linear [4] reduced frequency, kc 
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